Original articles
Estimation of the tensions of respiratory gases and pH in fetal blood has become more common in recent years since SALING [6] introduced sampling of fetal scalp blood during labor. Measurement of pH, p0 2 and pC0 2 in umbilical artery and vein blood is also used in the assessment of the condition of the newborn. Because of the influence of pC0 2 on the 0 2 -content (BOHR effect), and of 0 2 -saturation, and consequently, of p0 2 on C0 2 -content (HALDANE effect), there is an interdependence between pH, 0 2 -content, 0 2 -pressure, C0 2 -content and C0 2 -pressure. This relationship can be represented in the form of nomograms, enabling one to obtain the desired variables if at least two values are known. EDWARDS et al. [1] established the first graphic representation of dissociation characteristics of respiratory gases in fetal blood. The nomogram constructed includes p0 2 and pC0 2 as well as 0 2 -and C0 2 -contents. HELLEGERS et al. [3] provided a nomogram relating three variables in fetal blood: p0 2 , pH and percent saturation of hemoglobin. FISCHER et al. [2] introduced the first nomogram depicting the interdependence of pO 2 , 0 2 -content, percent saturation of hemoglobin, pC0 2 , C0 2 -content and pH, thus enabling one to derive four variables if the other two are known. In order to examine the validity of these three nomograms, the six interdependent variables of p0 2 , 0 2 -content, pH, pC0 2 , C0 2 -content and * In memoriam ANDRE E. HELLEGERS. concentration of hemoglobin were measured directly in 25 samples of fetal blood. Measured values and those derived from the different nomograms were compared, and the percent deviation calculated. Each of the three nomograms delivered useful results, when it was used within physiological acid-base-balance.
Curriculum vitae

Materials and methods
The blood of 25 newborn infants was used in this study. Fetal blood was obtained from the umbilical vein immediately after delivery. Blood was drawn into 10 ml syringes containing 0.2 ml of an oxalatefluoride mixture consisting of 10% K 2 C 2 0 4 and 5%NaF [5] . 0300-5577/80/0008-0265$02.00 ©by Walter de Gruyter & Co. · Berlin · New York Blood samples were equilibrated in 2 ml tonometers [4] containing various mixtures of oxygen and carbon dioxide. Oxygen tensions were used which were likely to produce hemoglobin saturations varying between 20 and 80%. The carbon dioxide tensions used were chosen to provide wide variations in the ultimate pH and the oxygen saturation of the blood sample. Equilibration was allowed in a water bath at 38 °C for 30 minutes. After equilibration, blood samples were drawn anaerobically into oiled syringes and analyzed. Equilibrated gas mixtures were analyzed by the method of SCHOLANDER [7] . Blood was analyzed for oxygen and carbon dioxide content by the micromanometric method of VAN SLYKE et al. [9] ; the pO 2 and pCO 2 were measured by means of an IL-blood gas analyzer. Percent saturation of hemoglobin was calculated from the hemoglobin concentration determined photometrically, because means for direct measurement were not available. The pH of each equilibrated blood sample was estimated by the micro-pH-method of SIGG A ARD-ANDERSEN et al. [8] . A total of 150 equilibrations were performed and 900 values were determined. The different nomograms were examined on the basis that pH, pO 2 and pCO 2 are the most commonly measured values. Thus the nomogram of EDWARDS et al. [1] was entered with pO 2 and pCO 2 . The O 2 -content and CO 2 -content were obtained from the nomogram and compared with the measured values of the blood samples. HELLE-GERS et al. nomogram [3] was entered with the mandatory factors of pH and pO 2 . Percent hemoglobin saturation was read and compared with the calculated value. The nomogram of FISCHER et al. [2] was used twice: First, pH and pO 2 were entered and the percent saturation was read; second, the nomogram was entered with pO 2 and pCO 2 , and the variables of O 2 -and CO 2 -content were derived. For each parameter taken into consideration, the absolute and percentage differences between obtained and measured values were determined. Mean and standard deviation of the percentage differences were calculated. Thus 1782 values of the three nomograms were verified. The results of the nomograms of EDWARDS et al. [1] and HELLEGERS et al. [3] were compared with those of the nomogram of FISCHER et al. [2] using the corresponding variables for entry. Γ f Fig. 1 presents the dOcagne nomogram for fetal whole blood constructed by EDWARDS et al; [1] . O 2 -and CO 2 -contents were read by entering the nomogram with pO 2 and pCO 2 . The number of cases (N), mean (x) and standard deviation (s) of percent differences between observed and calculated values are listed in Tabs. la and Ib. Using two oxygen partial pressures (15 mmHg and 40 mmHg), O 2 -contents derived from that nomogram were too low in the case of high pCO 2 (80 mmHg) and too high in the case of lowpCO 2 (20 mmHg). CO 2 -contents are not to be read at high C0 2 -tensions; there is always a positive Fig. 2 demonstrates the nomogram for the O 2 -dissociation curve of fetal blood published by HELLEGERS et al. [3] . The percent saturation of hemoglobin was obtained from the nomogram using pH and pO 2 for entry. Tab. II shows the mean (x) and standard deviation (s) of the percentage differences between observed and calculated hemoglobin saturation. The derived saturation values were consistently lower than the measured values, independent of given p0 2 and pC0 2 . Fig. 3 represents the respiratory gas and acid base nomogram established by FISCHER et al. [2] . The relationship of six interdependent variables to eachother is plotted in a CARTESIAN nomogram. In order to compare the results, the nomogram was entered in two different fashions. Using p0 2 and pC0 2 for entry, O 2 -and C0 2 -content were obtained as in EDWARDS et al. [1] nomogram (Tabs. Ilia and IHb). Percent saturation of hemoglobin was ascertained by entering the nomogram with pH and pO 2 as in the HELLEGERS et al. [3] nomogram, and the results are presented in Tab. IIIc. The derived 0 2 -contents were always higher than the measured ones, the error being less at a higher p0 2 . The calculated data of C0 2 -content were too high at low pC0 2 and vice versa. The calculated saturation of hemoglobin was found to be too low with decreasing pC0 2 . 
Results
Summary
Respiratory gas tensions and pH in fetal blood can be obtained from nomograms constructed by EDWARDS et al. [1] , HELLEGERS et al. [3] and FISCHER et al. [2] on the basis of the interdependence of pC>2, (^-content, percentage saturation of hemoglobin, pCO2, CO2-content and pH. If two variables are known the desired ones can be derived from the nomogram. In order to verify the published nomograms, 25 fetal blood samples were equilibrated with six different oxygen and carbon dioxide gas mixtures, analysed by the method of SCHOLANDER [7] . Oxygen and carbon dioxide contents were determined by micromanometric method of VAN SLYKE et al. [9] . Actual pH was estimated by the micromethod of SIGGAARD-ANDERSEN et al. [8] .
Percentage saturation was calculated from the hemoglobin 'concentration measured photometrically.
The nomograms under investigation were entered with the required parameters and desired variables were read. Absolute and percentage differences between measured and obtained values were estimated and mean as well as standard deviation of the percentage difference were calculated. C>2-contents derived from the nomogram of EDWARDS et al. [1] are too low in case of a high pCC>2 and vice versa; CO 2 -contents obtained from that nomogram have a tolerable deviation only at the normal range of arterial carbon dioxide tension. Percentage saturation of hemoglobin derived from the nomogram of HELLEGERS et al. [3] is about ten percent too low independent of actual pC>2 and pCO2- Mots-cles: Determination de la relation, gaz respiratoires, nomogrammes du sang foetal, pH, relation acide-base, sang foetal.
